The Opta Index is a prestigious performance measure used to assess English Premier League (EPL) football players. Although the Opta model is proprietary, the general structure uses a multiattribute collection of subjectively weighted pitch measures that either rewards or penalizes a player with a potential range of points based on the quality of his game performance. In addition, the specific set of measures used depends upon player position: forwards, midfielders, defenders, and goalkeepers each have their own unique set of measures even though there might be some overlap. Although the player's Opta Index is calculated for each game, it is the cumulative "grade card"-the final Opta Index calculated at the end of the thirty-eight game EPL season in May-that is of particular importance. The index, along with the large array of player pitch data, is commercially distributed to the EPL clubs and appears in a wide variety of television and print media outlets. This paper proposes an alternative to using the full set of Opta data by identifying those specific pitch actions that form a statistically significant retrodictive linear regression model for the 2007-2008 EPL season. Additionally, the importance of evaluating pitch actions historically assumed to be clearly pertinent measures-such as goals allowed per game for the goalkeeper-will be not only be appraised from a statistical viewpoint, but also from a practical perspective.
INTRODUCTION
The value of world-class football players is often reflected by field performance measures using a variety models (Andersson, Edman, and Ekman, [2005] ; Barros and Leach [2006] ; Crowder, Dixon, Ledford, Robinson [2005] ). Other efforts have focused on the use of performance indices such as those generated by Opta Sportsdata, PA Sports (Actim), and Castrol.
1 Considerable research has been done recently using the index models in the evaluation of team and player performance (McHale and Scarf [2007] ; Oberstone [2009] ).
The index values embrace a proprietary array of relatively weighted, pitch performance criteria assigned by the analysts of each data collection and analysis organization. Broadly speaking, these models use a variety of statistical and multicriteria methods that results in a composite measure of goodness or "grade card" for each player. One simple form of this type of model is:
for each i-j combination of player-position where R ij = composite rating/index score of i th player at the j th position w jk = weight of importance of the k th performance factor at the j th position (independent of specific player; reflection of team preferred "style of play"). x ijk = performance value of the i th player at the j th position on the k th performance factor, e.g., average number of shots inside the box per 90 minutes, goals scored per 90 minutes (or minutes per goal), etc. r ijk = performance rating of the i th player at the j th position on the k th performance factor, f(x ijk ), i.e., transformed/converted value of x ijk using factor performance chart K j = total number of performance factors associated with j th position However, the subjectivity of all of these index measures is inescapable, contrary to a measure of goodness based on the league points earned during the season used to measure team quality (Oberstone [2009] ). In spite of the subjectivity of player index measures, they are, nevertheless, widely accepted indicators of his season-long performance effort.
2

METHOD OF ANALYSIS
As an alternative to the multiattribute models used for index values, this paper proposes the use of a multiple regression model that retrodictively identifies the specific pitch variables that make statistically significant contributions. The Opta Index for the 2007-2008 English Premier League season will be used in this paper. An illustration of six (6) basic pitch actions typically used to assess goalkeeper value is shown in Figure 1 .
Figure 1. Opta Index Goalkeeper Pitch Action Groups
A more detailed breakdown of the basic pitch actions is provided in the set of Opta Index measures shown in Figure 2 (distribution, discipline, and saves) and Figure 3 (catches, appearances, goalkeeping).
The thirty-four (34) actions in this set have considerable redundancy, e.g., goals conceded per game versus minutes per goal conceded; percent successful distribution versus percent unsuccessful distribution. Since the goalkeepers have a broad range of minutes played, the goals scored total is obviously influenced by the amount of game exposure. Because of this conflict in action measures, the original set can be carefully reduced to 24 actions that have been transformed to a "per 90 minutes of exposure." The original Opta data is shown in Table 1 and Table 2 .
3 The new, normalized, smaller set pitch actions that eliminates redundant measures, is shown in Table 3 and Table 4 . The multiple regression analysis using the revised set of 24 pitch actions is shown in Table 5 Although the overall regression model is statistically significant (p<0.0000), almost all independent variables are not. Only X 15 had a p-value <.05. The wide confidence intervals among the independent variables also suggest the 9 presence of multicollinearity-the intercorrelation of pairs of independent variables that artificially inflate the "goodness" of the model. 4
BACKWARD ELIMINATION IN STEPWISE REGRESSION
We will refine the model using an iterative process of removing, one at a time, the independent variable that presents the highest p-values first-the least significant contributor and most likely culprit. This method is referred to as the backward elimination in stepwise regression [Groebner, et al., 2008] and is repeated until we are left with a statistically significant set of independent variables. 5 Further, although p-values ≤.05 are traditionally desired for the final set of independent variables, the stepwise removal process results in progressively smaller improvements.
6 Consequently, as long as the set of remaining independent variables have p-values ≤ .15, they will be have practical value in predicting our dependent variable (Winston [2004] ).
After a dozen iterations of removing weak independent variables, the model is pared down to a set of six (6) statistically significant goalkeeper pitch actions per 90 minutes of play: (1) X 10 (shots from inside the box); (2) X 11 (shots from outside the box); (3) X 20 (punches); (4) X 28 (short distribution); (5) X 32 (clean sheets); (6) X 34 (goals allowed). The multiple regression analysis for the final is shown in Table 6 . The six-variable model offers considerable improvement over the original set of 34 pitch actions: the standard residual error is reduced by about 36 percent (from 66.84 to 42.85 points), the adjusted R 2 increases from .873 to .948 and the significance of the independent variables improves from a setting in which only 1 of the 34 is significant to one in which all six are highly significant (p-values << .05). The regression coefficients of this model can now be used to estimate the Opta Index, Ŷ , of the EPL goalkeepers 4 Each R 2 quantifies how well that X variable is predicted from the other X variables; the larger this value, the less unique the information provided by and the greater the "overlap" between each variable. 5 It is also important to insure that each removal strengthens the model as typically indicated by a decrease in the model standard error and an increase in the adjusted R 2 . 6 Among the most important indications of improvement in the model is a decrease in the standard error of the residuals along with a decrease as is the difference between the adjusted R squared and R squared values.
Each variable coefficient indicates the average rate of change in the goalkeeper's Opta Index score when all other variables are held constant. A brief interpretation of these six pitch action coefficients follows. of the residual error about the retrodicted Opta Index value in Figure 6 visually supports the suitability of the linear model, a more formal test is also performed that does, indeed, support the assumption of uniform error variance (Newbold, et al., 2006] ). These results are shown in Table 7 . In addition to the multiple regression model, concern regarding the possible association between the goalkeeper Opta Index score and his team's success-as measured by the EPL points earned-was examined. The findings shown in Table  8 and Figure 7 suggest that when the 20 team league was segmented into 13 three groups comprised of the top four clubs, middle dozen, and bottom four, the difference between the tiers based on a single factor ANOVA test was not significant (p-value=.242). Although not conclusive evidence, the likely lack of significance between team success and the goalkeeper's Opta Index lends a sense of independence to the player's rating and, therefore, eases concern of an undesired "halo effect" that might favor goalkeepers that play for better teams over those that do not.
CONCLUSION
A linear, multiple regression model that can accurately retrodict the Opta Index of English Premier League goalkeepers during the 2007-2008 EPL season has been developed. The results show that only a small number of pitch actions (independent variables) are needed to accurately define the key performance criteria that are statistically significant indicators of the goalkeeper Opta Index. Care has been taken to insure that the assumption of model linearity has been met. Although the regression analysis delivers a statistically significant model, use of an index measure as a singular, sufficient gauge of player quality should be viewed with prudence. The precise details describing how these index values are determined are proprietary-recipes that are carefully guarded by the three primary organizations that commercially market these esteemed standards-Opta Sportsdata, Actim-PA Sports, and Castrol. Without access to the inner workings of these models, such as the identification of the specific pitch action sets used for each position and how each action is weighted, index values can only be viewed as a "black box" product.
Even though the Opta, Actim, and Castrol index measures provide an interesting meter of player performance and wonderful fodder for heated pub dialog, it is the raw database of pitch actions and the potentially creative ways of employing this information that holds the greatest value for serious sports analysts. Consequently, future research will include the structure of an open player valuation model that will allow the user to customize-to pick and choose-the specific pitch action-weight combinations for all positions: defender, midfielder, forward, and goalkeeper. In addition, vital, non-pitch action considerations that also impact the value of a player will be included, e.g., age, injury history, durability, team fit, emotional-psychological makeup, etc.
